Abstract
Introduction
Measuring the functionality offered by a system before it is even built has been an important issue in computer science ever since non-trivial systems started being developed. When a measure of the functionality of a system is known, other metrics can be calculated based on that size. A few examples are cost per unit, person months per unit or even errors per unit. Having a repository of projects with such metrics would help in estimating how much resources a system would require in terms of cost and effort, before it is even built.
Initial attempts at measuring system size resulted in metrics revolving around lines of code (LOC). However, such metrics had two major flaws [6] [7]:
1. System size could not be measured before it was actually built 2. LOC metrics for the same system build with different programming languages can vary wildly
In the late 70s, Albrecht [1] proposed function points as a means of measuring the functionality of a system (later refined and extended by Arthur [2] as function points mark 2). Since then, new application domains have been opened to development which Albrecht would not have considered (or even have been aware of) at the time. Such application domains may encompass systems such as real time systems, embedded systems, e-commerce systems and so on. It was the advent of such new types of systems that led researchers to extend or modify function points according to the characteristics of the systems in question. [3] [4] [5] Although these extensions do suffice for measuring the functionality of their target domains, the same cannot be said for measuring the functionality of e-commerce systems as outlined in [9] .
Given the increased activity in e-commerce [8] , this paper proposes that a framework be developed so as to provide an easy and effective way of measuring the functionality of e-commerce systems.
Throughout this paper, references to e-Commerce should be taken to imply a Business-to-Consumer (B2C) type model. This decision is mostly based on limiting the scope of our research to manageable chunks for the time-being.
The need for better gauging E-Commerce Systems Features
When Albrecht [1] developed function points, he naturally reasoned about systems as being a collection of inputs, outputs, inquiries, files and external interfaces. Although this was perfectly valid reasoning, the advent of new paradigms and system types may not make the the most ideal way to describe a system. In 1994, Banker [5] developed Object points, a methodology which defined a system as being a series of screens, reports and 3GL modules that operated on a number of tables in a database. Although this is not necessarily true for all system types, systems to which this reasoning applied could suddenly be evaluated much quicker.
In 2004, Cachia [9] showed that e-commerce systems differed significantly from other types of systems in a number of ways. Namely, they are content-driven, exposed to security risks, accessed through WWW browsers, have an enourmouse user base and are likely to change quite often.
Based on these differences and a survey carried out amongst 350 online shoppers, Cachia identified five important quality attributes in e-commerce systems as being security, reliability, navigability, performance and portability.
Just as Banker [5] defined systems as being composed of a number of screens and reports, the authors of this paper are of the opinion that (based on Cachia's [9] findings) e-commerce systems too warrant a framework that uses terminology tailored to their nature. One could (for example) refer to various e-commerce components as being online catalogues, shopping carts, and so on. This makes it less tedious for stake-holders to carry out scientifically sound cost and effort predictions and also reduces the tendency to over simplify or base it simply on heuristic learning.
Components of Online Stores
Since B2C e-commerce environments are effectively web applications, the framework will consider them to be made up of the following types of components:
-Static Web Pages (welcome page, contact information page, etc) -Dynamic Web Pages (online catalogue, registration form, etc)
A static web page is a page that is written once and constantly served to users as is. Static web pages have the advantage of being very fast, reliable and easy to create. However, their maintainability tends to be relatively lower. [10] .
Dynamic web pages on the other hand, are generated by the server each time a user requests them and can provide different outputs depending on various parameters. When compared to static pages, they are slow, require a more powerful web servers and are usually less reliable [10] . One must keep in mind that dynamic pages are usually supported by a number of backend services.
E-Commerce systems can also be said to be made up of a collection of objects of a higher abstraction (online catalogue, shopping cart, and so on). The proposed framework can also be used at this level of abstraction (see section 7) but at a core level, it will analyse static and dynamic pages. The reasoning behind this is that all the higher-level entities (online catalogue, product search page, etc) are in fact built out of pages.
Framework Overview
The proposed framework combines the ideas inherent in function point methodology [1] [2] with Banker's [5] idea of using terms of a higher abstraction than inputs, outputs, interfaces, etc when measuring a system's functionality. However, instead of using Banker's terminology of screens and reports, the proposed framework will use such terms as static pages, dynamic pages, online catalogues, online ordering systems, and so on.
Calculating the functionality of a system will be done in two steps. Firstly, a page-by-page analysis will be carried out. This will produce a so-called unadjusted count which is basically the sum of the points accrued by all individual pages in the system. However, this count must be adjusted according to certain criteria as discussed in section 6 below. This is necessary due to the fact that there may be certain system-wide requirements which are not countable at pagelevel but do in fact have an influence over the system-wide count.
The Unadjusted Count
During this phase, each page is individually analysed and assigned a count (or a number of points) according to the criteria defined below. The final unadjusted count is simply the summation of the counts of each individual page.
Analysing Static Pages
Each static page is simply assigned a count of 1. This is because a static page is considered to be the simplest element in an e-commerce system, and consists simply of content.
unadj count(static page) = 1
Analysing Dynamic Pages
Dynamic pages are assigned a count according to a number of different criteria which based on Cachia's [9] find-ings, will affect the effort required to develop each individual page. Firstly, for each page, one needs to know the number of tables used or manipulated by that page. This reasoning is similar to the reasoning employed by Banker [5] and applies to e-commerce systems due to the fact that they are largely content-driven [9] . The second evaluated criteria requires the user to estimate/predict the expected popularity of the page in question. If a page is expected to be popular, more care must be taken to make the page's internal workings efficient and able to cope with the repeated access, thus requiring more effort to develop. If a page makes extensive use of dynamic features such as JavaScript T M , VBScript T M and so on, it would in effect be providing more functionality to the user. This is also reflected in the testing effort in terms of compatibility testing across browsers, operating systems and devices [11] [9] . Hence, the level of use of dynamic features within a page is also considered an important criteria in our analysis. With the advent of powerful web and database servers, personalisation has become feasible with research in this field being very active. It is the opinion of the authors that the unadjusted count of personlised pages should be higher than those which are not, due to the fact that they offer more functionality. Finally, we take the page's visible algorithmic complexity into account. In some cases, what may seem like a simple form to the normal user may sometimes require vast amounts of processing in order to produce the required results. Hence, it is proposed that the unadjusted count for pages with a higher algorithmic complexity to be weighted accordingly.
Points assigned to each criteria
The criteria defined above will be assigned points according to the following guidelines. The "amount of tables" criteria will be evaluated according to the table below:
The remaining criteria are to be assigned a value of low, medium or high by the person carrying out the calculations, and the unadjusted count incremented accordingly. If one considers an individual criteria as being non-existent, then no increment should occur for that particular criteria. 
Calculating the Adjusted Count
The unadjusted count needs to be modified due to reasons explained in section 4. One can calculate the adjusted count by answering a number of questions about the presence of system-wide characteristics. Each question is assigned a relevance value between 0 (not important or applicable) and 5 (absolutely essential). At first glance, this is very similar to Arthur's complexity adjustment values [2] , however this is only true to a limited extent.
Firstly, following the authors' personal analysis of Arthur's questions they were deemed to be inapplicable in the context of e-commerce systems. Also, Arthur's formula can at most increase the function points of a system by 35% and the adjustments only increase the overall system count, never decrease. In some circumstances, the unadjusted count may need to be reduced. Finally, Arthur [2] assigns an equal weighting to the answer of each question whereas the proposed framework assigns different importance to different questions. For example, security considerations are considered to be more important than checking for dead links. Due to the very nature of e-commerce systems [9] , the proposed framework poses different questions to those of Arthur [2] and also uses a different adjustment formula. 10 Does the system make use of previously built reusable components?
5%
Once the questions have been answered, the adjusted count can be calculated using the following formula. . .
AdjustedCount = U nadjCount × adj factor
where:
and:
Note that question 10 actually reduces the overall count because building the system out of reusable components would actually result in less effort being needed to develop it.
Quick Analysis
In some cases, it is simply not convenient (and may even be counter productive) to perform a detailed page-by-page analysis of a system. For this reason, the proposed framework also provides a way to perform a quicker (albeit possibly less accurate) calculation. This is achieved by defining a number of higher level entities which one could analyse. For example, one could analyse a system as having 10 static content pages, an online catalogue, a product search page, and an online ordering page. The proposed framework provides a number of profiles whereby each high-level entity is pre-assigned the values for most criteria. With this information implemented in a software solution, estimates about a system's functionality could be calculated very quickly. This can be useful handy a quick cost estimate is required. These profiles will be published on the web shortly and a software solution is also under development.
Conclusions and future work
The proposed framework enables stake-holders in e-commerce systems to be able to make informed decisions about the future of a project. Its simplicity is such that it reduces motivation to use ad-hoc methods and can be seamlessly integrated with any software development process. The proposed framework can be applied to development effort prediction, cost prediction and even the prediction of testing efforts and bug-counts, much in the same way as function points.
However, the weights and values assigned to each criteria should be verified through extensive case-studies and industry interviews so as to refine them and reinforce their validity on a heuristic basis. Once this has been done, the proposed framework will form an integral part of a larger project which aims to provide a number of metrics, tools and methodologies for measuring the quality of ecommerce systems.
